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Summary A speciﬁc retinopathy has been described in African children with cerebral malaria,
but in adults this has not been extensively studied. Since the structure and function of the
retinal vasculature greatly resembles the cerebral vasculature, study of retinal changes can
reveal insights into the pathophysiology of cerebral malaria. A detailed observational study of
malarial retinopathy in Bangladeshi adults was performed using high-deﬁnition portable retinalPathophysiology;
Microcirculation;
Bangladesh
photography. Retinopathy was present in 17/27 adults (63%) with severe malaria and 14/20
adults (70%) with cerebral malaria. Moderate or severe retinopathy was more frequent in cere-
bral malaria (11/20, 55%) than in uncomplicated malaria (3/15, 20%; P = 0.039), bacterial sepsis
(0/5, 0%; P = 0.038) or healthy controls (0/18, 0%; P < 0.001). The spectrum of malarial retinopa-
thy was similar to that previously described in African children, but no vessel discolouration was
observed. The severity of retinal whitening correlated with admission venous plasma lactate
(P = 0.046), suggesting that retinal ischaemia represents systemic ischaemia. In conclusion,
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retinal changes related to microvascular obstruction were common in adults with severe falci-
parum malaria and correlated with disease severity and coma, suggesting that a compromised
microcirculation has important pathophysiological signiﬁcance in severe and cerebral malaria.
Portable retinal photography has potential as a valuable tool to study malarial retinopathy.
pical Medicine and Hygiene. Published by Elsevier Ltd. All rights
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et al.9 and Harding et al.12 Grading is determined by:
the size of the affected area of retinal whitening rela-© 2009 Royal Society of Tro
reserved.
. Introduction
very year more than one million people die from severe
alaria.1 Cerebral malaria with coma is one of the most
mportant manifestations of adult severe malaria, how-
ver its pathophysiology is still incompletely understood
nd this has hindered the development of more effective
herapies.2 Because of the similarity of the retinal and
erebral microvasculatures, the directly accessible retinal
irculation has been studied as a surrogate for the cerebral
irculation in order to investigate cerebral malaria.3
In recent years, a unique spectrum of retinal changes
as been described in African children with severe malaria,
ncluding retinal whitening, haemorrhages, vessel dis-
olouration and in some cases papilloedema.4,5 Using
ndirect ophthalmoscopy, retinopathy can be seen in approx-
mately two-thirds of paediatric patients with cerebral
alaria and the severity of retinopathy correlates with
he severity of malaria, mortality and duration of coma.4,6
urrently there is debate whether the pathophysiological
echanisms leading to cerebral and severe malaria dif-
er between adults and children.7 In adult severe and
erebral malaria, retinal haemorrhages have also been
escribed8 but other features of malarial retinopathy requir-
ng indirect ophthalmoscopy or other techniques have
een studied less extensively, which prompted the cur-
ent study. The speciﬁc ophthalmoscopic technique used
s important because malaria-speciﬁc retinal whitening and
essel discolouration can be more prominent in the periph-
ral retina and thus may not be identiﬁed in the ﬁeld
y a non-expert using a direct ophthalmoscope.5 With
ndirect ophthalmoscopy there is high interobserver concor-
ance for grading the severity of ﬁndings, including retinal
hitening.9
Retinal photography has a number of advantages over
irect and indirect ophthalmoscopy for assessing malarial
etinopathy. As images are recorded for later examination,
ach can be carefully scrutinised by multiple observers for
uch longer than would be possible with ophthalmoscopy;
bjectivity is therefore higher. The greater magniﬁcation
nd high resolution of modern fundus cameras and the possi-
ility of adjusting colour and contrast with imaging software
lso allow subtle details to be detected more easily, which
ncreases sensitivity. Currently, portable retinal cameras are
vailable that can be used at the bedside, even in the sickest
atients.An observational study was conducted using bedside
ortable high-resolution digital retinal photography in adults
ith severe and uncomplicated malaria compared with
atients with sepsis and healthy volunteers in order to estab-
ish the full spectrum of malarial retinopathy.
t
a
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t. Materials and methods
.1. Study site and patients
his study was conducted at Chittagong Medical College
ospital, a large 1000-bed teaching hospital in Chittagong,
angladesh, from June—August 2008. Malaria transmission is
easonal and of low intensity in this location.
Consecutive adult patients (>16 years) with slide-
onﬁrmed severe or uncomplicated falciparum malaria,
ccording to modiﬁed WHO criteria,10 were recruited if
ritten informed consent was obtained from the attending
elative. Two control groups were also studied: healthy rel-
tives of enrolled patients and randomly selected patients
ith sepsis.11 Healthy relatives were recruited for compar-
son with the background prevalence of retinal changes in
he healthy population. Exclusion criteria were: patients
nable or unwilling to co-operate with eye examination;
ontraindications to tropicamide eye drops, such as angle
losure glaucoma or documented allergy; and patients with
evere corneal scarring or cataracts in both eyes precluding
phthalmoscopy and retinal photography.
.2. Study procedures
n admission, a full history and examination were car-
ied out. Blood samples were obtained for haemoglobin,
aematocrit, parasitaemia, platelet count, white cell count,
lasma lactate levels, glucose levels and full biochemistry.
ye examination included pupillary reaction to light and
ccommodation and direct and indirect ophthalmoscopy.
phthalmoscopy was done within 30min of administration
f two drops of 0.5% or 1% tropicamide. In addition, all
atients had digital photographs taken of both retinas when-
ver possible. To obtain images including the peripheral
etina, a minimum of nine overlapping photographs (cor-
esponding to approximately 15 megapixels) were required
rom each retina. These photographs were then amalga-
ated and merged using Photoshop CS3 Extended software
Adobe, San José, CA, USA). Photographs were examined
y a blinded investigator for evidence of malarial or other
etinopathy, and changes were graded as mild, moder-
te or severe according to the classiﬁcation of Beareive to the optic disk; number of retinal haemorrhages
nd proportion of these haemorrhages that are white-
entered; the extent of vessel discolouration; and the
everity of papilloedema. Fifteen percent of the pho-
ographs were randomly selected and sent to a second,
iparum malaria 667
Table 1 Distribution of presenting severity symptoms in
patients with severe malaria (patients with uncomplicated
malaria had none of these features)
Symptom No. (%) of patients
(n = 27)
GCS score <11 20 (74)
Haematocrit <20% with parasite
count >100 000/mm3
3 (11)
Bilirubin >3.0 mg/dl with parasite
count >100 000/mm3
15 (56)
Serum creatinine >3.0 mg/dl 9 (33)
Systolic blood pressure <80 mmHg
with cool extremities
1 (4)
Peripheral asexual stage
parasitaemia >5%
5 (19)
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severe malaria, 9/15 patients (60%) with uncomplicated
malaria, 1/5 patients (20%) with sepsis and 0/18 (0%)
of the ‘healthy’ volunteers (Figure 1). There was a
signiﬁcantly higher proportion with retinopathy in all thoseThe spectrum of retinopathy in adults with Plasmodium falc
expert, blinded investigator for grading as a check of con-
cordance.
2.3. Drug and supportive treatments
Antimalarial drug treatment was with i.v. artesunate (Guilin
Pharmaceutical Factory, Guangxi, People’s Republic of
China) at 2.4mg/kg body weight on admission followed by
2.4mg/kg at 12 h and 24 h and then every 24 h. When the
patient was able to take food, treatment was switched to
complete a standard six-dose course of oral artemether plus
lumefantrine for a further 3 days. Supportive treatments
were in accordance with the 2006 WHO guidelines13 and local
hospital guidelines, but the availability of renal replacement
therapy and mechanical ventilation was limited.
2.4. Statistical analysis
Analysis was performed using Excel 2007 (Microsoft Corp.,
Redmond, WA, USA), SPSS version 15.0 (SPSS Inc., Chicago,
IL, USA) and Stata SE 10 (Stata Corp., College Station,
TX, USA). Correlations were assessed using Spearman’s rank
method for non-parametric data. Fisher’s exact test was
used to compare retinal severity scores between groups. The
trend of increasing severity of retinopathy with increasing
malaria severity was assessed by P for trend. The level of
signiﬁcance was P < 0.05.
3. Results
A total of 66 patients were enrolled. Of these, 42 patients
had falciparum malaria, of whom 27 had severe malaria,
including 20 with coma [Glasgow Coma Scale (GCS) score
<11)], and 15 had uncomplicated malaria. In addition,
19 healthy volunteers and 5 patients with sepsis were
recruited. One of the healthy volunteers appeared to have
diabetes with associated retinopathy and was therefore
excluded from further analysis. Nine patients died, all of
whom had severe malaria. The mean ages of patients were
similar in all groups: severe malaria 38.1 years (range 17—75
years); uncomplicated malaria 33.0 years (range 17—63
years); healthy controls 34.9 years (range 19—49 years); and
sepsis controls 25.0 years (range 17—40 years). The number
of males in each group was 21/27 (77.8%), 11/15 (73.3%),
14/18 (77.8%) and 1/5 (20.0%), respectively. The distribu-
tion of presenting severity symptoms in patients with severe
malaria is shown in Table 1. All patients with uncomplicated
malaria presented with fever and ﬂu-like symptoms, 11 had
vomiting and 1 had diarrhoea. One of the patients with sepsis
was unconscious (GCS score = 3/15) with suspected bacterial
meningitis on admission, one had bronchopneumonia and
the other three had sepsis of unknown origin.
A mean of 11 (95% CI 9—14) usable photos were taken
of each retina. For three patients with cerebral malaria
and three patients with non-cerebral malaria, the pho-
tographs were judged to be insufﬁciently clear to exclude
mild retinopathy, although their retinas appeared normal by
indirect ophthalmoscopy. This loss of clarity was caused by
rapid eye movements, which also made it difﬁcult to per-
form adequate indirect ophthalmoscopy. In addition, two of
F
r
sVenous lactate >4 mmol/l 12 (44)
Venous bicarbonate <15 mmol/l 11 (41)
GCS: Glasgow Coma Scale.
he patients with severe malaria had severe corneal scarring
n one eye so only the opposite retina could be examined.
The technique of portable retinal photography was found
o be highly practical in all groups of patients in this
tudy. Clear images could also be obtained from patients
ith involuntary wandering eye movements often found in
atients with cerebral malaria. Concordance of overall grad-
ng of retinopathy between the two blinded investigators
as 100%.
.1. Retinal ﬁndings
eatures compatible with malarial retinopathy were present
n 17/27 patients (63%) with severe malaria, 7/9 patients
78%) with a fatal course, 14/20 patients (70%) with
erebral malaria, 3/7 patients (43%) with non-cerebraligure 1 Severity of retinal changes consistent with malarial
etinopathy in patients with Plasmodium falciparum malaria or
epsis and healthy volunteers.
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Table 2 Sensitivity and speciﬁcity of any retinopathy and moderate-to-severe retinopathy for malaria of different severities
Severity Any retinopathy Moderate-severe retinopathy
Sensitivity (%) Speciﬁcity (%) Sensitivity (%) Speciﬁcity (%)
All malaria 62 92 36 100
Severe 63 72 44 92
Cerebral 70 70
Fatal 78 63
with malaria than in healthy controls (P < 0.001). The
severity of retinal ﬁndings correlated with severity of dis-
ease categorised from ‘healthy’ volunteers, uncomplicated,
non-fatal non-cerebral severe, non-fatal cerebral to fatal
malaria. This was true for the total retinopathy severity
score (P for trend = 0.001), number of retinal haemorrhages
(P for trend = 0.001) and severity of retinal whitening (P for
trend = 0.001). The sensitivities and speciﬁcities of retinopa-
thy for detecting malaria are shown in Table 2. One patient
with sepsis had a single cotton wool spot on the fovea and
was classed as mild retinopathy although they did not have
any of the retinal features thought to be speciﬁc to malaria.
None of the patients with malaria or sepsis had diabetes or
hypertension.
Moderate or severe retinopathy was present in 12/27
patients (44%) with severe malaria, 5/9 patients (56%) with
fatal malaria, 11/20 patients (55%) with cerebral malaria,
1/7 patients (14%) with non-cerebral severe malaria, 3/15
patients (20%) with uncomplicated malaria, 0/5 patients
(0%) with sepsis and 0/18 healthy volunteers (0%) (Figure 1).
Sensitivities and speciﬁcities are shown in Table 2. There
was more moderate-to-severe retinopathy among those with
cerebral malaria than uncomplicated malaria (P = 0.039),
bacterial sepsis (P = 0.038) and healthy controls (P < 0.001).
There were no signiﬁcant differences in the prevalence or
severity grade of retinopathy between fatal, cerebral and
non-cerebral severe malaria.
The prevalences of individual features of retinopathy
are shown in Table 3. The severity (i.e. number) of reti-
nal haemorrhages correlated signiﬁcantly with the severity
of whitening (Spearman’s r = 0.50; P = 0.009), and 16/21
Figure 2 Scatter plot of serum lactate against severity of
malarial retinopathy upon admission to hospital in 27 patients
with severe malaria (P = 0.046).
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atients (76%) with whitening also had haemorrhages.
ll patients with severe malaria who had whitening of
he peripheral retina also had whitening of the macula.
dmission venous plasma lactate levels in patients with
evere malaria correlated signiﬁcantly with the severity of
etinal whitening (Spearman’s r = 0.387; P = 0.046) (Figure 2)
nd the severity of macular whitening (Spearman’s r = 0.387;
= 0.046). Haematocrit on admission correlated inversely
ith the number of white-centred haemorrhages (P = 0.013).
here were no correlations between admission GCS score,
aematocrit, parasitaemia, venous lactate, venous bicar-
onate or the number of presenting clinical features of
evere malaria (Table 1) and the severity of the different
omponents of retinopathy. A summary of retinal ﬁndings
s shown in Supplementary Table 1, including results from
ther studies for comparison.
Figure 3 shows two examples of composite retinal pho-
ographs of severe malarial retinopathy obtained with the
ortable digital retinal camera.
. Discussion
his study demonstrates that the high prevalence and spec-
rum of ocular fundus ﬁndings in Bangladeshi adults with
evere malaria is similar to that found previously in African
hildren. This result differs from previous studies on malar-
al retinopathy in adults describing lower prevalences.8,14,15
n an Indian study, retinopathy was found in only 34.1% of
14 adults with cerebral malaria, and disk pallor was sig-
iﬁcantly associated with mortality.14,15 In one Thai study
f 150 adult and paediatric patients with cerebral malaria,
4.6% had retinal haemorrhages, and very few other retinal
bnormalities were described.8 Both studies used predomi-
antly direct ophthalmoscopy, precluding assessment of the
eripheral retina,5 and were undertaken before malarial
etinopathy in children was well described. In a detailed
ut small study using indirect ophthalmoscopy and ﬂuores-
ein angiography, 8 (44%) of 18 adults with severe malaria
ad abnormal retinal ﬁndings. In this study, retinal capil-
ary obstruction was present in ﬁve patients, three of whom
ad cerebral malaria, and demonstrated the association of
apillary non-perfusion with cotton wool spots. Fluorescein
eakage was associated with hyperlactataemia and renal
mpairment.16
There is currently debate whether the pathophysiol-
gy of severe and cerebral malaria differs between adults
nd children.7 Obstruction of microcirculatory blood ﬂow
y sequestered infected erythrocytes and other factors is
hought to be a major contributor to the pathogenesis of
cidosis, coma, death and neurological disability in both
The spectrum of retinopathy in adults with Plasmodium falciparum malaria 669
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Figure 3 Examples of composite retinal photographs obtained
from patients with severe malaria in this study. (A) Right retina
of a 25-year-old woman with severe falciparum malaria mani-
fest by profound anaemia and confusion [Glasgow Coma Scale
(GCS) score = 14/15]. There are multiple white-centred haem-
orrhages and gross papilloedema, an unusual reported ﬁnding
in adults with cerebral malaria. Parasitaemia was 80/1000 red
cells, haematocrit was 8.2%, platelet count 86× 103/mm3 but
coagulation parameters were normal. The patient received a
blood transfusion but rapidly developed respiratory failure in
the absence of chest signs. The patient died 12 h after admission
before chest radiography or a cerebral CT scan could be per-
formed. (B) Mosaic retinal whitening involving the entire macula
and extensive areas of the peripheral retina in the left eye of
a 24-year-old man with cerebral malaria (GCS score = 8/15),
pulmonary oedema and Blackwater fever. Parasitaemia was
79/1000 red cells and haemoglobin 10.9 g/dl. The patient recov-
ered consciousness within 48 h of starting i.v. artesunate and
was discharged home after 6 days. Visual function and neu-
rological examination were normal on discharge. The patients
gave informed consent for their retinal photographs to be
published.
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staff at Chittagong Medical College Hospital, Chittagong,70
roups.17,18 In addition, in children intravascular ﬁbrin clots
nd accumulation of leukocytes and platelets have been
escribed in fatal cases.19
In the current study some differences were noticed
etween the ﬁndings in adults compared with previous stud-
es of children in Africa. The ﬁrst is that blood vessel
iscolouration, found previously in approximately one-third
f children with cerebral malaria,4 was not detected in any
f the adults in this study. Vessel discolouration is thought to
e due to dehaemoglobinisation of stationary erythrocytes
nfected with mature parasites in obstructed capillaries,
rterioles and venules.19 It is unlikely that this was caused
y the different technique since it has been shown pre-
iously that blood vessel discolouration in patients with
evere malaria is seen easily on retinal photographs.4,5,6,19
he second difference is that the prevalence of retinopathy
n patients with uncomplicated malaria in this study was
uch higher than that found previously in children. As most
f this retinopathy was mild, it is possible that this was
ue to the high sensitivity of the retinal photography used
n this study. It should also be noted that a semi-immune
atient presenting with uncomplicated falciparum malaria
n an area of high transmission in Africa differs from a non-
mmune uncomplicated patient in a low transmission area in
angladesh.
Although this was a small study, a number of inter-
sting correlations emerged. In accordance with previous
tudies, there was a signiﬁcant trend of increasing sever-
ty of retinopathy with increasing severity of malaria,
nd moderate-to-severe retinopathy was more common
n severe and cerebral malaria than in uncomplicated
alaria and the control groups. A planned larger study will
nable a more detailed comparison between subgroups of
atients.
Venous plasma lactate correlated with the severity of
etinal whitening on admission. Lactate is a strong prog-
ostic indicator in severe malaria and is caused by an
ncrease in anaerobic glycolysis.20 Retinal whitening is due
o obstruction of small blood vessels causing loss of retinal
ransparency through tissue hypoxia and localised reti-
al ischaemia3,21,22 as shown by ﬂuorescein angiographic
tudies.23 Our ﬁndings suggest that retinal whitening may
ot only reﬂect a compromised cerebral microvasculature
ssociated with coma but also more general tissue ischaemia
ausing lactic acidosis and other vital organ dysfunction.
lthough lactic acidosis is also a prominent ﬁnding in severe
epsis, we did not ﬁnd signiﬁcant retinopathy in these
atients, suggesting a different mechanism. The retinal
icrovascular obstruction in severe malaria is caused by
equestration of parasitised erythrocytes, but a role for
icrothrombus formation has also been suggested.21
The severity of retinal haemorrhages correlated with
everity of malaria but also anaemia. This has been shown
reviously in adults with falciparum malaria.14,15 Studies
n children showed that the number of haemorrhages cor-
elated with mortality6 and with the number of cerebral
aemorrhages found post-mortem in those dying of cerebral
alaria.24 Unlike retinal whitening and vessel discoloura-
ion, retinal haemorrhages do not coincide with occluded
lood vessels on ﬂuorescein angiography and a different
athological mechanism may be responsible, such as post-
schaemic endothelial cell damage.25
B
F
UR.J. Maude et al.
To our knowledge, this study is the ﬁrst to examine
alarial retinopathy systematically using high-resolution
etinal photography. The methodology maximises objectiv-
ty and sensitivity in detecting retinal pathology. Owing
o the underlying burden of corneal scarring and cataract
isease, as well as involuntary eye movements typical of
erebral malaria, a small number of patients were difﬁcult
o examine and optimally clear retinal photographs were
mpossible to obtain. A limitation of this study was that
any patients had limited tolerance to both retinal pho-
ography and indirect ophthalmoscopy when performed in
uick succession, mainly due to the bright light involved
n both techniques. For this reason, comprehensive indirect
phthalmoscopy was not performed in most non-comatose
atients, excluding a comparative analysis between indirect
phthalmoscopy and retinal photography.
Paediatric severe malaria patients have never been
tudied in detail in Asia and comparison with ﬁndings in
dults is important in the assessment of possible differ-
nces in pathophysiology between these groups. Retinal
hanges associated with microcirculatory obstruction can
lso be compared with changes in microcirculatory blood
ow elsewhere in the body using orthogonal polarising
pectroscopy.26 It is hoped that by assessing these multi-
le variables simultaneously, a clearer understanding of the
ole of microcirculatory obstruction in severe malaria will
e obtained, which could have important consequences for
he design of therapeutic interventions. Detailed assessment
f retinopathy can also prove to be a valuable surro-
ate marker in intervention studies that aim to improve
icrocirculatory blood ﬂow.3 A larger study of sufﬁcient
ower will be required to examine the association of dif-
erent presenting syndromes and disease outcome with
etinopathy.
In conclusion, this study describes a new technique
o document objectively and to describe the retinal
hanges associated with severe falciparum malaria. Malaria
etinopathy is very common in adults with severe malaria,
articularly cerebral malaria. The absence of retinal ves-
el changes in adults was conspicuous and may indicate a
ifference in the calibre of vessels involved in sequestra-
ion between adults and children. The presence of retinal
hitening and its association with coma suggest that a com-
romised microcirculation has important pathophysiological
igniﬁcance in severe and cerebral malaria.
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